Background: The Japanese Ministry of Health started screening for periodontal disease as part of senior health services in 1995. However, only a small number of workplaces conduct regular dental checkups in Japan. Therefore, the prevalence of periodontal disease and other oral health conditions has not been fully determined in workers in Japan. This study aimed to clarify the usefulness of a salivary occult blood test (SOBT) to assess periodontal disease, and to investigate the association of salivary occult blood with general and oral health in Japanese employees.
Introduction
The World Health Organization has reported that noncommunicable diseases such as cancer, cardiovascular disease, chronic respiratory disease and diabetes are major causes of death in people over 30 years old, and accounted for over 60% of deaths worldwide in 2010 [1, 2] . Periodontal disease is a common oral lesion that is prevalent in people aged over 40, and is closely associated with noncommunicable diseases (e.g. cardiovascular disease and diabetes) [3] [4] [5] [6] .
A survey on dental diseases conducted by the Ministry of Health, Labour and Welfare in Japan revealed that the percentage of people with periodontal pockets ≥ 4 mm was higher in 2016 than in 2011 in all age groups [3] . Additionally, people aged 65 -74 recorded the highest rate of periodontal pockets ≥ 4 mm [3] . These statistics suggest that periodontal disease is a vital health problem among Japanese people.
The Japanese Ministry of Health started screening for periodontal disease as part of senior health services in 1995. In 2005, people aged in their 60s and 70s were newly targeted for this screening as well as those aged in their 40s and 50s. However, only a small number of workplaces conduct regular dental checkups, because dental checkups are not a mandatory component of occupational health services in Japan. Therefore, the prevalence of periodontal disease and other oral health conditions has not been fully determined in workers in Japan.
In 2015, Hiroshima Prefectural Dental Association started conducting dental checkups for employees of a department store in Hiroshima city. The aims of these checkups were to Usefulness of a Salivary Occult Blood Test J Clin Med Res. 2019;11(3):179-187 detect oral lesions early, to recommend early visits to a dental clinic, and to give appropriate health guidance to maintain the health of employees. Additionally, we investigated hemoglobin positivity using a salivary occult blood test (SOBT) to screen for periodontal disease. An SOBT using monoclonal antibody against human hemoglobin has been used in investigating periodontal health, and it may be useful as a screening method for periodontal disease [7, 8] . An SOBT using antihuman hemoglobin monoclonal antibody has been used to reliably assess periodontal inflammation in pregnant women [7] . The objectives of this study were to clarify the usefulness of an SOBT using monoclonal antibody against human hemoglobin to assess periodontal disease, to investigate the association between the SOBT and general and oral health, and finally to determine the correlation between metabolic syndrome and factors associated with oral health in Japanese employees.
Materials and Methods

Subjects
A cross-sectional study was conducted among workers of a large-scale retail store in Hiroshima city. Subjects were 449 workers who received regular health checkups, including a dental examination, in 2018. Importantly, individuals who ate or brushed their teeth within 2 h of the SOBT were excluded from the study to omit positive cases caused by eating or brushing. The final number of subjects enrolled in this study was 338 (85 men, 253 women; mean age 41.4 years, range 19 -69 years). The study design was approved by the Ethical Committee of Hiroshima University (Permission no. E-1125), and all participants signed an informed consent agreement.
Data collection from regular health checkup
We collected the results of the health examination (i.e. sex, age, body mass index (BMI), waist circumference, blood pressure, and blood examination such as fasting blood sugar (FBS), triglycerides (TGs), and high-density lipoprotein (HDL) cholesterol). Waist circumference, FBS, TG and HDL cholesterol were examined in subjects aged 35 years and older. Metabolic syndrome was diagnosed when subjects had a waist circumference ≥ 85 cm for men and ≥ 90 cm for women, and two or more of the following: abnormal lipid metabolism (TG ≥ 150 mg/dL and/or HDL cholesterol < 40 mg/dL), high blood pressure (systolic blood pressure ≥ 130 mm Hg and/or diastolic blood pressure ≥ 85 mm Hg), or abnormal glucose metabolism (FBS ≥ 110 mg/dL) [9] .
SOBT
Prior to the oral examination, an SOBT using monoclonal antibody against human hemoglobin (Perioscreen; Sunstar, Osaka, Japan) was performed according to the manufacturer's protocol. Briefly, participants rinsed with 3 mL distilled water for 10 s and then expectorated into a paper cup. A strip was immersed into the rinse sample and the colored band was checked after 5 min.
Oral examination
The oral examination including a periodontal examination (i.e. assessment of probing depth and bleeding on probing) was performed by dentists of the Hiroshima Prefecture Dental Association. Periodontal condition was assessed according to the Community Periodontal Index (CPI) [10] . The CPI code consists of the following five categories: healthy (code 0), gingival bleeding (code 1), calculus (code 2), shallow periodontal pockets of 4 -5 mm (code 3), and deep periodontal pockets of 6 mm or deeper (code 4) [11] . Additionally, the number of treated teeth, untreated teeth and all existing teeth was recorded.
Data collection using a questionnaire
A questionnaire was administered containing questions about medical history, smoking history, and oral health habits such as daily brushing frequency and the use of additional tooth cleaning appliances besides a toothbrush (i.e. dental floss and interdental brush).
Statistical analysis
Statistical analysis was performed using SPSS software, version 24.0 (IBM Corp., Armonk, NY, USA). A Chi-squared test or Fisher's exact test and Mann-Whitney U test were used to evaluate significant differences between salivary occult blood and clinical factors. Adjusted standardized residuals greater than 1.96 in the Chi-square test indicated that the number of cases was significantly larger than expected. P values less than 0.05 were regarded as statistically significant. Binomial logistic regression analysis was conducted using salivary occult blood as the dependent variable, and variables with a P value of < 0.20 through univariate analysis as independent variables. The Hosmer-Lemeshow test was used to evaluate the goodness of fit of the logistic regression models, indicating a good fit of the model if the significance value was > 0.05.
Results
Correlation between salivary occult blood and factors associated with general and oral health
We examined the relationship between salivary occult blood and factors associated with general and oral health (Table 1) . Univariate analysis revealed that there was a significant correlation between salivary occult blood and sex (P = 0.034, Chi-squared test). BMI was significantly higher in the salivary occult blood-positive group than in the negative group (P = 0.003, Mann-Whitney U test). Additionally, subjects with dia- betes recorded a higher positive percentage of salivary occult blood (83.3%) than those without diabetes (34.3%). There was a significant positive correlation between salivary occult blood and diabetes (P = 0.022, Fisher's exact test). A significant correlation between salivary occult blood and the CPI code was observed (P = 0.007, Chi-squared test). Subjects with a CPI code of 0 recorded a significantly lower positive rate of salivary occult blood. Significant associations were found between salivary occult blood and the number of untreated teeth and daily brushing frequency (P = 0.015, Mann-Whitney U test; P = 0.004, Fisher's exact test, respectively). Subjects brushing three times a day recorded a significantly lower positive rate of salivary occult blood.
To examine the strength of the correlation between salivary occult blood and clinical factors, binomial logistic regression analysis was performed using salivary occult blood as the dependent variable, and variables showing a P value of < 0.20 such as sex, age, BMI, hypertension, diabetes, CPI, dental flossing and interdental brushing, number of untreated teeth, and number of remaining teeth as independent variables. The P value for the Hosmer-Lemeshow test was 0.758, indicating a good fit of the model. BMI, diabetes, CPI, and daily brushing frequency were significantly associated with salivary occult blood (odds ratio 1.09, P = 0.014; odds ratio 9.38, P = 0.047; odds ratio 1.31, P = 0.004; and odds ratio 0.70, P = 0.045, respectively) ( Table 2) .
Correlation between salivary occult blood and factors associated with general and oral health in workers aged ≥ 35 years
We examined the correlation between salivary occult blood and factors associated with general and oral health in subjects aged ≥ 35 years (Table 3 ). Subjects with a high level of TGs or high FBS exhibited a greater positive rate of salivary occult blood (77.8% and 59.1%, respectively) than those with low level TGs or FBS (31.5% and 32.8%, respectively). Statistically significant differences were observed in TGs, FBS, metabolic syndrome, diabetes, daily brushing frequency, and number of untreated teeth (Table 3) . Importantly, subjects brushing their teeth three times a day showed a significantly lower positive rate of salivary occult blood.
Binomial logistic regression analysis was performed using age, BMI, blood pressure, hypertension, TGs, HDL cholesterol, FBS, metabolic syndrome, diabetes, CPI, brushing frequency, dental flossing and interdental brushing, number of untreated teeth, and number of remaining teeth as independent variables. P values for the Hosmer-Lemeshow test were 0.149, indicating a good fit of the model. TGs and CPI were significantly associated with salivary occult blood (odds ratio 7.59, P < 0.001; odds ratio 1.40, P = 0.007, respectively) ( Table 4 ). In this model, TG was the most significant component of metabolic syndrome associated with salivary occult blood.
Correlation between metabolic syndrome and factors associated with oral health
Finally, we examined the relationship between metabolic syndrome and the results of the oral examination in subjects aged ≥ 35 years. Salivary occult blood-positive subjects were more likely to exhibit metabolic syndrome (13.9%) than negative subjects (3.9%). Significant associations of metabolic syndrome with salivary occult blood and daily brushing frequency were found by univariate analysis (P = 0.01, Chi-squared test; P = 0.013, Fisher's exact test, respectively) ( Table 5) . Binomial logistic regression analysis was performed (P = 0.748, Hosmer-Lemeshow test) and revealed that metabolic syndrome was significantly associated with salivary occult blood, the number of untreated teeth, and the number of remaining teeth (odds ratio 3.38, P = 0.041; odds ratio 1.42, P = 0.01; and odds ratio 0.84, P = 0.013, respectively) ( Table 6 ).
Discussion
The usefulness of the SOBT to screen for periodontal disease has been examined in previous research. Basically, salivary hemoglobin can be measured by a colorimetric method or a monoclonal or polyclonal antibody reaction method [7, 8, [12] [13] [14] . The colorimetric method may not be sufficiently specific for the detection of salivary hemoglobin because of the possibility of contamination by blood from other animals in food [13] . The antibody reaction method is likely to show a higher specificity than the colorimetric method. Several reports suggest that the monoclonal antibody reaction method using paper strips is useful and sufficient for screening for periodontal disease [7, 8, 14] . Additionally, this method is approved for screening for periodontal disease by the Pharmaceutical Affairs Law in Japan. Therefore, we chose this monoclonal antibody reaction method to screen for periodontal disease in this study. Importantly, we excluded individuals who ate or brushed their teeth within 2 h before the salivary blood test. 
The positive salivary blood test rate was significantly higher in individuals who ate or brushed their teeth within 2 h (54.4%) than in those who did not (36.2%). This observation suggests that eating and brushing within the 2 h before the test can distinctly affect the results of the test. Statistical analysis revealed that salivary occult blood was significantly associated with CPI. In workers aged ≥ 35 years, a significant relationship between salivary occult blood and CPI was found by multivariate analysis. These results suggest that salivary occult blood is a reliable screening test for periodontal disease. Furthermore, daily brushing frequency was associated with salivary occult blood in all workers, suggesting that regular oral self-care plays a predominant role in the maintenance of a healthy periodontal condition.
We found a significantly strong positive correlation between salivary occult blood and diabetes in all workers, indicating a close association between periodontitis and diabetes. Periodontal disease influences the prevalence and control of diabetes and diabetes-related complications [15] . Moderate to severe periodontitis is importantly associated with the development of diabetes [16] . Periodontitis-related proinflammatory cytokines (i.e. tumor necrosis factor-alpha (TNF-alpha)) induce systemic inflammation and increase insulin resistance in type 2 diabetic patients [17] . Additionally, adipocyte-produced TNF-alpha is involved in insulin resistance in such patients, suggesting a synergistic effect on insulin resistance by periodontitis and adipocytes [17] . Thus, it is expected that the host inflammatory response plays a vital role in the mecha- nism of periodontal disease and diabetes [18] . Although there was no statistical difference between CPI and diabetes in this study (data not shown), more than half of workers with diabetes recorded a CPI ≥ 1. This observation is consistent with the previous research that revealed a positive correlation between periodontal disease and diabetes [15, 16] . To summarize, salivary occult blood may be associated with diabetes as well as periodontal disease. However, it remains unknown whether salivary occult blood reflects the development, prevalence, and deterioration of diabetes. Metabolic syndrome increases the risk of systemic diseases such as cancer, heart disease and stroke in adults [19] [20] [21] [22] . Therefore, it is vital for occupational health services to detect metabolic syndrome at an early stage. Several cross-sectional studies have investigated the correlation between metabolic syndrome and periodontal disease in Japan [23] [24] [25] . Metabolic syndrome significantly increased the risk of periodontitis in Japanese people and employees [24] . In this study, high level TGs were identified as a significant factor relating to salivary occult blood in subjects aged ≥ 35 years. Furthermore, metabolic syndrome was importantly associated with salivary occult blood and the number of untreated teeth in this study. Despite the relatively small number of subjects with metabolic syndrome in this study, our findings suggest that metabolic syndrome might be related to worsened oral health status in Japanese employees. Therefore, regular dental checkups will Binomial logistic regression analysis was conducted using "metabolic syndrome" as the dependent variable. P values less than 0.05 were regarded to be statistically significant. Usefulness of a Salivary Occult Blood Test J Clin Med Res. 2019;11(3):179-187 be necessary in the workplace, especially in workers with metabolic syndrome.
In conclusion, the SOBT may be a reliable screening tool for periodontal disease. Further investigation is required to clarify the correlations between salivary occult blood and systemic diseases. In the present situation in which it is not common to conduct oral health examinations as a part of occupational health services, regular dental checkups using the SOBT would be helpful in developing and maintaining good oral health associated with general health in Japanese workers.
